Probit plots of sperm concentration for 1711 suspected infertile men (those with azoospermia being excluded) were compared for the untransformed and loge-, square root-and cube root-transformed values. For the distribution of sperm concentrations, which was highly skewed towards low values, the square-root transformation produced the most normal (Gaussian) distribution. Loge and cube-root transformations caused skewing towards high values. Such treatment of the data should always be considered before using parametric statistical tests to make comparisons between sperm concentrations of groups of men.
Introduction
Several studies have reported the distribution of sperm concentration to be skewed towards low values, the degree of skewness varying not only between populations of fertile and suspected infertile men, but also between different study populations due to either recruitment methods or referral practices (Nelson & Bunge, 1974; Rehan, Sobrero & Fertig, 1975 ;  Zukerman, Rodriguez-Rigau, Bahamondes, Abdelmassin & Dachs, 1979; David, Jouannet, Martin-Boyce, Spira & Schwartz, 1979; MacLeod & Wang, 1979; Homonnai, Paz, Weiss & David, 1980; Heuchel, Schwartz & Price, 1981 ; Jouannet et al., 1981 ;  Mortimer, Templeton, Lenton & Coleman, 1982a) . Table 1 summarizes the available quantitative information on the means and ranges of sperm concentration from the larger published studies. Whenever a 95% range could be calculated (as mean ± 1-96 s.d.), the lower limit of the range was negative, which is clearly impossible. Furthermore, the upper 95% range limit was always appreciably less than the quoted highest values. These basic findings cause complications when comparisons between mean values are attempted by using parametric statistical tests (e.g. James, 1980) . A mean value from a strongly-skewed distribution says very little about that population, and simple computation of its variance (and hence standard deviation or standard error of the mean) is not very useful. Application of t tests, which assume normal (Gaussian) distribution of the data, is often invalid. Indeed, a common problem remarked upon by andrologists has been that the mean sperm concentrations for groups of men of different clinical status were of little or no use for discrimination of the groups. With the increasing awareness of the adverse effects of various environmental pollutants and certain pharmacological products upon sperm production (Eliasson, 1978; Wyrobek & Bruce, 1978; Toth, 1979; Drife, 1982) , some rational approach to making such comparisons is clearly required. Several authors have used data transformations to normalize sperm concentration distributions, e.g. logarithms Bahamondes et al., 1979; Heuchel et al., 1981 ; Mortimer et al., 1982a, c) , square roots (MacLeod & Wang, 1979) and cube roots (Bahamondes et al., 1979) . for 1711 suspected infertile men (those with azoospermia excluded).
We have reported a statistical analysis of the semen characteristics of a population of suspected infertile men (Mortimer et al., 1982a, b, c) and have since been interested in determining the best normalizing transformation of sperm concentration data, thus enabling sensible use of means and variances. This paper reports the results of these computations.
Materials and Methods
The study material was the first semen analysis performed on the husband of each couple referred to the Infertility Service of the Edinburgh Royal Infirmary during the period 1 January 1975 to 31 May 1980 (Mortimer et al., 1982a, b) . While no thorough clinical subdivision of the entire study sample has been possible, a sub-sample has been the subject of such an analysis (Templeton & Penney, 1982) . Cases of azoospermia were excluded to improve the correspondence of the sample to the population offertile men in which this condition would not occur. These data were subjected to log,,, square root and cube root transformations and, following determination of suitable class intervals, cumulative frequency plots of the untransformed and transformed values were constructed. Data with a true Gaussian distribution would produce a sigmoid cumulative frequency plot. If a cumulative percentage frequency is calculated and the cumulative percentage at each class interval is converted to its probit value (Table IX of Calculated mean values were compared with the medians obtained from the probit plots : for a true Gaussian distribution the mean and median should be identical. The median value should remain constant irrespective of any transformation applied to the data.
Results
The distribution of the untransformed data for the sample of 1711 men showed a high degree of skew towards low values (Text- fig. la ). The effects of the data transformation on the frequency distributions are shown in Text- fig. lb-d . The probit plots of the various transformations of the data are shown in Text- fig. 2 . From these plots it is clear that for the present data a loge transformation does not produce a normalized distribution but causes an opposite skew. Cube root transformation also yielded a curved probit plot indicative of a skewed distribution. The best straight line was obtained with a square root transformation.
Median and 95% ranges were obtained from the probit plots and are given in Table 2 for comparison with the calculated means and 95% ranges. All estimates of the median value were very close, and the calculated means for the square root and cube root transformations were nearest the median. While all estimates of the median should theoretically yield the same value, some variation is acceptable when they are obtained graphically. Reading the upper and lower limits of the 95% ranges from the probit plots necessitated extrapolation of the line in some cases.
The arithmetic mean and variance provided little information of value about the population; the mean was appreciably different from the median, and the lower limit of the 95% range was a negative number well below zero. Heuchel eia/., 1981; Mortimer et al., 1982a) . While it does provide better summary statistics than the simple arithmetic mean and variance, it is clearly not the ideal way in which to treat such data. The frequency distribution of the logtransformed data presented by Rehan et al. (1975) clearly indicates a skewed distribution, as also reported by Bahamondes et al. (1979) , Heuchel et al. (1981) and Mortimer et al. (1982a, c) . Bahamondes et al. (1979) found that a cube root transformation produced an "almost straight line" cumulative frequency plot. Close inspection of their figure shows the plot to be very close to that obtained in the present study using such a transformation.
In agreement with the report of MacLeod & Wang (1979) , the present study has shown that the square root transformation provides better normalization of the distribution of sperm concen¬ trations. It should, however, be stressed that the application of a transformation does not necessarily imply an equivalent biological relationship. Data transformations are purely mathematical manipulations which can be used to meet the stringent requirements of parametric statistical tests.
From the reports of Bahamondes et al. (1979) , MacLeod & Wang (1979) and the present findings, it would appear that the square-root transformation should hold equally well for populations of fertile and suspected infertile men. We would therefore urge other workers in this field to consider its application when making comparisons for sperm count data between or within populations of men.
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